Adsorption isotherms of the PEI-grafting gelatin sponge
The Langmuir isotherm and Freundlich isotherm are widely applied to study equilibrium data of adsorption, which were expressed by the following equations, respectively:
where Q e is the adsorbed amount of heavy metals at equilibrium concentration (mg
, C e is the equilibrium concentration in the solution (mg L -1 ), Q max is the maximum
, and 1/n is the heterogeneity factor.
The essential characteristics of the Langmuir model can be expressed by a dimensionless constant called the equilibrium parameter (R L ), which is defined as:
where C max is the maximal initial concentration of heavy metals (mg L 
Adsorption kinetic studies of PEI-grafting gelatin sponge
In order to investigate the mechanism and rate-controlling step in the overall adsorption process, pseudo-first order, pseudo-second order and intra-particle diffusion were adopted for a better understanding of the dynamics of heavy metal ions adsorption on PEI-grafting gelatin sponge. The pseudo-first order and pseudo-second order kinetic models are given as follows:
where Q e (mg g -1 ) and Q t (mg g -1 ) are the amounts of heavy metals adsorbed at equilibrium and at time t, respectively. k 1 is the pseudo-first order rate constant (min -1 ), and k 2 is the pseudo-second order rate constant of adsorption (g mg -1 min -1 ).
The kinetic parameters in both two models are determined from the linear plots of ln(Q e -Q t ) versus t for pseudo-first order model and t/Q t versus t for pseudo-second order model. The validity of each model was checked by the fitness of the straight line (R 2 ) as well as the experimental and calculated values of Q e .
The two models above cannot identify the diffusion mechanism during the adsorption process, so the experimental data are tested by the intra-particle diffusion model, which can be expressed by following equation: Eq. 6) where k i is the intra-particle diffusion rate constant (mg g -1 min -1/2 ) and C is the intercept. The value of C (mg g -1 ) and k i can be obtained from the intercept and slope of the linear plot of Q t versus t 1/2 , respectively. 
